In total, 102,000 breast reconstructions were performed in 2014 in the United States, 1 making it the fifth most common reconstructive procedure.
INTRODUCTION
In total, 102,000 breast reconstructions were performed in 2014 in the United States, 1 making it the fifth most common reconstructive procedure. 2 Of those, 72.5%
were 2-stage implant-based reconstructions involving tissue expander (TE) and implant. 1 Infection is a dreaded complication of 2-stage implant-based breast reconstruction, as it can lead to loss of the implant, a prolonged reconstructive process, compromised aesthetic outcomes, and delayed oncologic treatment. These potential sequelae of infection contribute to it being the leading cause of morbidity following postmastectomy breast reconstruction [3] [4] [5] and add significant costs to the health-care system. Further, although reconstruction can reverse the emotional and psychological trauma of mastectomy, complications such as infection can jeopardize and undermine those psychosocial benefits.
35.4%. [6] [7] [8] [9] [10] [11] This variability can be attributed in part to the lack of a standardized definition of infection, as it can range from a mild cellulitis requiring only oral antibiotics to severe foreign body infections requiring hospital admission, treatment with intravenous antibiotics, and even implant removal. Surgeons also employ different techniques to reduce the risk of infection, which also likely contribute to this variability. For example, our team's protocol includes washing out the breast pocket with antibiotic irrigation and changing to a new pair of sterile gloves before placing the new TE or implant. For immediate reconstruction, after mastectomy and before reconstruction begins, the surgical area is re-prepped and redraped, betadine paint is placed in the breast pocket, and all sterile equipments (e.g., light handles, operating instruments) are replaced with a new sterile set. Further, although procedure type (expander/implant, pedicle transverse rectus abdominis musculocutaneous, and free transverse rectus abdominis musculocutaneous flap) has not been found to be correlated with overall complication rate, when complications are examined independently, patients receiving TE and implant-based reconstructions were more likely to develop infection than both those receiving other types of reconstructions 3, 6 and those receiving cosmetic breast implantation (2.0-2.5%). 2 Given the devastating consequences of infection and the higher reported incidence of infection following implant-based breast reconstruction as compared with other types of reconstruction, this study aimed to characterize outcomes of reconstructions complicated by infection, identify patient characteristics and surgical factors associated with infection, and use these to develop an infection management algorithm.
MATERIALS AND METHODS
We performed a retrospective review of all consecutive implant-based postmastectomy breast reconstructions performed by the senior author (G.K.L.) from 2006 to 2015. No further exclusion criteria were employed. The primary outcome variable of interest was infection, which we defined broadly as any clinically apparent infection of the breast. Mild infections such as cellulitis were included in our study.
We also collected and analyzed a variety of other variables, such as patient demographics [age, race, body mass index (BMI)], medical history (history of either type 1 or type 2 diabetes, hypertension, radiation therapy, tobacco use), operative variables (simple versus nipple-sparring mastectomy, immediate versus delayed reconstruction, TE placement, TE fill volume), presence of other complications (mastectomy skin flap necrosis, seroma, hematoma, open wound), and infection characteristics (type of infection, inpatient admission, intravenous antibiotic usage, outcome).
Radiation therapy was recorded as none, preoperative radiation, or postoperative radiation, and tobacco use was recorded as none, prior history, or active. Within our patient cohort, the 4 locations in which the TE were placed included total submuscular, under pectoralis with an acellular dermal matrix (ADM) sling, subcutaneous, or with a latissimus dorsi flap. Concurrent skin flap necrosis included both partial and full thickness necrosis, as we defined necrosis as any postoperative loss of mastectomy skin. The type of infection refers to whether it presented as cellulitis and/or a foreign body infection involving the TE or implant. Finally, outcomes were recorded as "cleared," "recurrent infection," "attempted operative salvage," "explantation," and/or "secondary TE insertion." "Cleared" was defined as an infection eliminated after the first attempt, "recurrent infection" as one with any unsuccessful attempt to eliminate it, "attempted operative salvage" as a surgical attempt to eliminate the infection without removing the original implant, "explantation" as removal of the original implant, and "secondary TE insertion" as placement of a new implant after explantation. Notably, given the nonexclusive nature of these potential outcomes, multiple outcomes could be recorded for any given patient.
We obtained ethical approval from Stanford University's Institutional Review Board before data collection. Data were stored and managed in Research Electronic Data Capture software (Vanderbilt, Nashville, Tenn.), which supports data capture within a secure database. 12 Once collected, data were exported from Research Electronic Data Capture to RStudio software version 0.99.887 (RStudio, Boston, Mass.), where all statistical analyses were conducted. Each reconstructed breast was treated as an individual unit, and results are reported as mean ± SD. The unpaired 2-sample Student t test was used for continuous variables, and the Fisher's exact test was used for categorical variables. Variables identified as significant in univariate analysis were included in a multivariate binomial logistic regression to determine independent predictors of infection. Statistical significance was set at P < 0.05.
RESULTS
Our cohort consisted of 292 patients who had undergone implant-based breast reconstruction, for a total 469 breasts. The mean age was 47.6 ± 10.5 years, and the mean BMI was 24.6 ± 5.2 kg/m 2 ( Table 1) . The majority of patients were Caucasian (71.6%; n = 336), followed by Asian (8.1%; n = 38), African American (2.3%; n = 11), or other/unknown (17.9%; n = 84). Comorbidities included diabetes (3.0%; n = 14), hypertension (10.0%; n = 47), and smoking history (23.9%; n = 112; Table 2 ). Of those with a smoking history, the mean pack-year was 13.5 and most had prior history (22.2%; n = 104) while a handful of patients were active smokers at the time of reconstruction (1.7%; n = 8). Fourteen percent (n = 68) of patients had received preoperative radiation therapy, 6.6% (n = 31) had received postoperative radiation therapy, and the remaining (78.9%; n = 370) had no history of radiation therapy. Patients had received either a simple or skin-sparing (81.4%; n = 382) or nipple-sparing mastectomy (18.6%; n = 87).
Of the 469 breasts, 27.5% (n = 129) were unilateral reconstructions, whereas 72.5% (n = 340) were bilateral (Table 3) . Most reconstructions were performed immediately (83.6%; n = 392), whereas the remaining were delayed reconstructions. TEs were placed total submuscularly (48.8%; n = 229), with ADM (44.3%; n = 208), subcutaneously (4.7%; n = 22), or under a latissimus dorsi muscle flap (2.1%; n = 10). The mean TE fill volume was 183.5 ± 131.5 cc.
Fourteen percent (n = 66) of breasts or 18.5% (n = 54) of patients were affected by infection ( Table 4 ). The TEs of these 66 infected reconstructions were most often placed with ADM (59.1%; n = 39), followed by total submuscularly (33.3%; n = 22) and subcutaneously (6.1%; n = 4). The 66 infected breasts developed cellulitis (80.3%; n = 53), foreign body infection (42.4%; n = 28), and/or some other type of infectious complication such as folliculitis or mastitis (12.1%; n = 8). Foreign body infections involved the TE (89.3%; n = 25) and/or permanent implant (14.3; n = 4), with 1 patient whose reconstruction was complicated by infection of both TE and implant. One-fifth (n = 13) of all infections involved an open wound with an exposed TE or implant. Eighty-eight percent (n = 58) of all patients with infected reconstructions were admitted to the hospital and given intravenous antibiotics. Four-fifths (n = 53) of infections were cleared after the first attempt, whereas the remaining recurred at least once. The most common outcome was explantation (40.9%; n = 27), followed by secondary TE or implant insertion (21.2%; n = 14) and/or attempted operative salvage (18.2%; n = 12). In addition to infection, reconstructions were also complicated by seroma (11.1%; n = 52), necrosis (8.1%; n = 38), and/or hematoma (3.8%; n = 18). No patients were lost to follow-up.
Univariate analysis demonstrated that older age (P < 0.05), greater BMI (P < 0.0001), and larger initial TE fill volume (P < 0.001) were associated with infection (Table 5) . Patients who had received preoperative radiation (23.5% versus 12.5%; P < 0.05) and whose reconstructions utilized ADM (18.8% versus 10.3%; P < 0.05) were more likely to develop an infection (Table 6 ). Patients whose operations were also complicated by necrosis (42.1% versus 11.6%; P < 0.0001), seroma (42.3% versus 10.6%; P < 0.0000001), or hematoma (50.0% versus 12.6%; P < 0.001; Table 6 ) were more likely to have also developed an infection.
Multivariate logistic regression including risk factors identified as significant in univariate analysis revealed that BMI (odds ratio [OR], 1.08; 95% confidence interval [CI], 1.02-1.15; P = 0.01), preoperative radiation (OR, 2.32; 95% CI, 1.10-4.71; P = 0.02), necrosis (OR, 4.48; 95% CI, 1.96-10.02; P < 0.001), seroma (OR, 3.78; 95% CI, 1.81-7.75; P < 0.001), and hematoma (OR, 3.90; 95% CI, 1.12-12.86; P = 0.03) were independent predictors of infection ( Table 7) . We found no association between infection and diabetes, hypertension, smoking history, postoperative radiation, type of mastectomy, timing of reconstruction, or whether the reconstruction was bilateral versus unilateral.
CONCLUSIONS
Although mastectomy decreases patients' quality of life, 13 postmastectomy breast reconstruction has been shown to restore quality of life by providing patients with psychological, social, and functional benefits. 14 Although risk of infection is an important consideration for all surgeons, it poses as an especially challenging complication for reconstructive surgeons, given that it can hinder the reconstructive process, delay oncologic treatments, and compromise the aesthetic outcome of the reconstruction. The higher reported incidence of infection following 2-stage, implant-based reconstruction as compared with other types of reconstructions and cosmetic implants, 2, 3, 6 coupled with its increasing popularity as the reconstructive procedure of choice, suggests a need to identify patient and surgical factors that contribute to this procedure's higher risk of infection. This can then guide clinical decision making so as to minimize infection risk, improve infection management, and ultimately optimize outcome.
In our cohort of postmastectomy patients who had received a TE and implant reconstruction, we observed an overall infectious complication rate of 14.1%, which falls within the lower end of the reported range of 4.8-35.4%. [6] [7] [8] [9] [10] [11] Most of our infections occurred during the tissue expansion period rather than after permanent implant placement, which is corroborated by the existing literature. Fig. 1 . infection Management algorithm: this algorithm for treating infections of varying severity recommends an elevation in level of management of the infection should the reconstruction also be complicated by necrosis, seroma, and/or hematoma (which should concurrently be appropriately treated).
We found that patients who were heavier, had a history of preoperative radiation, and developed noninfectious complications (necrosis, seroma, and hematoma) were more likely to develop an infection. However, older age, larger TE fill volume, diabetes, hypertension, smoking history, type of mastectomy, timing of reconstruction, or whether the reconstruction was bilateral versus unilateral were not independently associated with infection.
These findings suggest that surgeons should monitor patients with higher BMI and those who have received preoperative radiation more carefully for signs of infection and that extra caution and higher clinical suspicion is warranted for patients whose reconstructions are complicated by necrosis, seroma, and/or hematoma. Using these data, we propose an infection management algorithm (Fig. 1 ) that takes into consideration the higher likelihood of coexistent infection when the reconstruction is complicated by necrosis, seroma, and/or hematoma, whereby presence of one of these complications elevates the recommended level of management of the infection. Admittedly, this work does not report outcomes of the various treatment pathways presented in this algorithm, and thus this algorithm is presented in the discussion as an algorithm to be considered for future scientific investigation rather than as a definitive algorithm warranting changes in clinical practice.
Overall, there is a lack of consensus in the literature regarding the association between development of infection and various patient-level and surgical factors. For example, our finding that preoperative radiation was a predictor of infection was supported by other studies, 11, 16, 17 whereas our finding that higher BMI and concurrent development of necrosis were predictors of infection was supported by some studies 11, 17 but not others. 11, 18 Similarly, we did not find immediate reconstruction, diabetes, smoking, or nipple-sparing mastectomy to be risk factors for developing infection, which was supported by certain studies 18 but not others. 6, [9] [10] [11] There are several reasons that may contribute to the inconclusive data, such as differences in the outcome definition, cohorts examined, surgeon skill, and hospital practices. Thus, 1 limitation of our single-center, singlesurgeon study is that our results are not necessarily generalizable to other hospitals. There is a need to conduct larger, multicenter, prospective studies or perhaps metaanalyses of existing studies to synthesize the available data. 
